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ABSTRACT 
For . the  successful and safe operation o f  a 
geothermal w e l l ,  casing and cement conditions must 
be accurately detetmined. Cement bond logs are 
needed t o  detect channels o r  water pockets I n  the 
cement between the pipe and the formation and t o  
determine the condi t ion of, the cement bond t o  the 
pipe' and t o  the formation. Instrumentation f o r  
making such measurements i s  l im i ted  by the tempera- 
t u r e  c a p a b i l i t i e s  ( < 1 7 5 O C )  o f  e x i s t i n g  l o g g i n g  
equipment which was developed for the o i l  and gas 
industry. This paper reviews an acoustic system o f  
the type tha t  i s  needed for geo a1 cementing 
inspection, i d e n t i f i e s  the p r i n  i defic iencies 
i n  i t s  high temperature use, and 3 de ibes Sandia's 
R I D  pro ject  f o r  developing high temperature acous- 
t i c  cement bond logging diagnostics. . 
& 
INTRODUCTION 
Downhole conditions very of ten cause casing 
and cementing problems i n  geothermal wells. For 
' example, cement may be washed out or dissolved by 
water i n  a crossflow, o r  the cement m y  be d i s -  
placed i n  a l o s t  c i r cu la t i on  zone. I n  e i t he r  case, 
the pipe could collapse due t o  lack of .support from 
the cement and formation. Moreover, the pipe could 
collapse catastrophical ly due t o  rap id heating o f  
entrapped water when the geothermal well i s  flowed 
f o r  the f i r s t  t ime. A cement inspection t o o l  i s  
essential f o r  the successful operation o f  a geo- 
t hemal we1 1 . 
An acoustic cement bond logging (CBL) t o o l  i s  
the most v e r s a t i l e  and widely used too l  i n  the 
f i e l d  for cement inspection. This too l  i s  used t o  
determine the q u a l i t y  and extent o f  the physical 
bond between the casing pipe and the surrounding 
cement sheath, and between the cement and forma- 
' t ion.  The log measures the amplitude o f  acoustic 
s ignals re f l ec ted  from the casing pipe and the  
amplitude o f  l a t e r  a r r i v a l s  which are ind icat ive o f  
the bonding o f  the cement t o  the formation. 
present ly avai lable commercial tools, wel ls  usual ly 
have been cooled down p r i o r  t o  logging. 
temperature o f  a w e l l  i s  reduced, the steel  pipe 
contracts more than the cement sheath, .and thus 
leaves a "micro-annulus" between the pipe and the 
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destroy the apparent bond registered by the CBL. 
According t o  Knutson and Boardrnan (1978). many . 
f i e l d  operators consider commercial CBL logs from 
geothetmal w e l l s  t o  be o f  doubtful v a l i d i t y  because 
the logs usual ly do not show a bond between cement 
and casing. 
An accuratc CBL l o g  can be obtained i n  a high 
temperature w e l l  only i f  the too l  i s  run a t  the 
we1 1 temperature. The temperatures o f  geothermal 
wel ls are t y p i c a l l y  above 200'C: i t  i s  Sandia's 
object ive t o  develop a cement inspection instrument 
f o r  operation up t o  275OC. This instrument should 
also prove useful i n  logging steam in jec t i on  wells, t 
as w e l l  as hot o i l  and gas wells. 
PRINCIPLES OF OPERATION 
Figure 1 i l l u s t r a t e s  the cement bond sonde and 
the re la ted signal paths. For casing which i s  
suspended f ree ly  i n  a w e l l  w i th  no cement between 
the casing and formation there i s  l i t t l e  acoustic 
energy transmitted beyond the casing wall and the 
signal strength seen by the receiyer w i l l  be high. - 
However, when hardened cement i t  bonded t o  the 
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Figure 1. C&nt bond sonde and acoustic signals. 
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casf igr - the amplitude o f  the signal -transmitted 
:along t h e  cas ing w i l l  be d r a s t i c a l l y  reduced. 
'Laboratory investigations have shown tha t  there i s  
a re la t ionship between the strength o f  the echo 
signal and the degree o f  cement bonding (Grosmangin 
et. al., 1961). 
pipe i s  17,544 
the  ve loc i t ies  
lower. It can be determined from the a r r i v a l  times 
o f  the various signals whether they are coming from 
the pipe o r  elsewhere. 
The casing and i t s  surrounding cement are 
r e l a t i v e l y  transparent t o  acoustic signals i f  the  
cement bondings t o  both the pipe and the formation 
are good. A large fonnation signal w i l l  a r r i ve  a t  
the receiver ins ide the cased hole a t  a t ime d i f -  
ferent from the f i r s t  a r r i v a l  o f  the casing signal 
due t o  the d i f f e r e n t  acoustic ve loc i t ies  i n  the 
pipe and i n  the fornation. On the other hand, if 
the bonding i s  poor, i.e., i f  a space ex is ts  be- 
.tween t h e  pipe a n d t h e  cement, o r  betwegn the  
'cement and the formation, l i t t l e  formation signal 
w i l l  be observed. This i s  because o f  the  low 
transmission c o e f f i c i e n t  across a boundary a t  which 
the acoustic impedance mismatch i s  large (e.g., a i r  
t o  s tee l  pipe and a i r  t o  formation are examples'of 
boundaries exh ib i t ing  large impedance mismatches). 
The amplitudes and a r r i v a l  times o f  the acoustic 
echoes can thus be used, t o  determine the degree o f  
cement bonding. - 
It i s  customary t o  use the amditude o f  the 
re f lec ted  caslng slgnal i n  a free pipe as a refer- 
ence f o r  evaluating other signals t o  determine the  
ertentage o f  bonding. The "Variable In tens i ty  
Eog , commonly abbreviated t o  VIL, i s  a continuous ' 
display o f  the acoustic signal i n  the form of a ' 
var ia t ion o f  l i g h t  in tens i ty .  These displays, 
shown i n  Figure 2, produce character is t ic  patterns -* 
--"Acoustic Signatures"--for various degrees o f  
cement bonding between the casing and formation. 
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SANDIA'S R K l  PROGRAM 
. Figure 3 shows a c i r c u i t  capable o f  generating 
high current pulses f o r  an acoustic transmitter a t  
room temperature. I n  t h i s  c i r c u i t ,  the capacitor 
C supplies energy through the SCR (Semiconductor 
Cint ro l led Rect i f ie r )  t o  the acoustic transmitter. 
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Figure 3. 
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Cement bond t ransmi t ter  schematic. 
A f te r  the SCR i s  f i red, L boosts the input voltage 
t o  a much higher value across C1, recharging it. 
L and C prevent the r ipp les  from feeding back t o  
t i e  input. To provide a reference f o r  the received 
signal, the capacitor Cq provides a high frequency 
path back t o  the input l i n e  f o r  detection o f  the 
R , Rp and 
15 l i m i t  the imposed voltage on. the vn\junction 
t rans is to r  which w i l l  not? he tr ibgered u n t i l  the 
capacitor Cg i s  s u f f i c i e n t l y  charged. Thus, the 
R C t ime constant w i l l  de ten ine  the f i r i n g  f re -  
qaeicy o f  the SCR Transformer T sharpens and 
boosts the ampli tuie o f  the t r i g g e r  pulse t o  the 
SCR. I n  th is figure, component values have not 
been specif ied because they would be d i f f e r e n t  f o r  
d i f f e r e n t  acous t ic  t ransducers and temperature 
ranges. This . is  a fundamental t ransmi t ter  schemat- 
i c  i n  commercial acoustic CBL tools. Some canmer- 
c ia1 too ls  may contain more complex e lect ron ic  
swltching c i r c u i t s  i n  order t o  run the CBL i n  con- 
junct ion w i t h  other logging tools. The basic sche- 
matic i s ,  however, qu i te  similar. Some too ls  use 
b ipo lar  t rans is to rs  t o  generate the t r i g g e r  sig- 
nal s. 
C m e r i c a l  S C R s ,  uni junct ion t rans is to rs  and 
b ipo lar  t rans is tors  are a l l  rated below 175'C. A t  
higher temperatures, they a l l  conduct high leakage 
currents and thus lose t h e i r  t rans is to r  character- 
ist ics. '  Host comnercial inductors, capacitors and 
res is to rs  are also rated f o r  low temperature opera- 
t ion, a1 though sane high temperature technologies 
do exist.  The smallness o f  the market, however, 
precludes the high temperature components from mas- 
s ive production. 
ulse produced when the SCR conducts. 
- -- -. . 
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Through a careful select ion procedure, one may 
f i n d  a t rans is to r  tha t  has a higher operating tem- 
perature than the others. I n  addition, a' negative 
voltage a t  the t r i g g e r  terminal o f  an SCR before 
f i r i n g  can increase i t s  operating temperature by as 
much as 25°C. Nevertheless, the maximum operating 
temperature o f  a design based on the  best avai lable 
components i s  s t i l l  l i m i t e d  t o  2OO0C, well  below 
the 275°C geothermal temperature. 
? 
D .  
I n  order t o  design a 275°C c i r c u i t ,  a 'p ro jec t  
has been i n i t i a t e d  a t  Sandia t o  develop a long 
operational l i f e  Sprytron swi tch tube (Boettcher, 
1972) f o r  possible replacement o f  an SCR. Spry- 
trons operate a t .  high voltage and are capable o f  
t ransfer ing large currents f o r  .short t ime in te r -  
vals. Figure 4 records the  voltage and current 
through a Sprytron, s ta r t lng  from the seconp shot. 
(On the f i r s t  shot, the voltage was 100 V and the  
current was too weak t o  be recorded.) The amount 
o f  current del ivered through- a Sprytron i s  qu i te  _ -  - _ _ _  ___ __ -- - -  ~ .- - - - 
I_ _ _ _  . . -  
Figure 4. Sprytron and t e s t  c i r c u i t .  
comparable t o  t h a t  delivered- through an SCR under 
the conf igurat ion o f  Figure 3. The Sprytron tube 
i s  vacuum exhausted a t  600°C; thus, i t  works as 
wel l  a t  275°C as a t  ambient. The main deficiency 
i s  i t s  l i m i t e d  l i f e  since i t  was not o r i g i n a l l y  
designed for continuous operation. The main chal- 
lenge i n  the Sandia RBD ef for t  i s  tha t  o f  extending 
the  operational l i f e  o f  the Sprytron tube; thus 
far, it has been possible t o  increase i t s  l i f e  t o  
100.000 operations (o r  about 3 hours a t  a 10 pulse 
per second r e p e t i t i o n  rate) and i t  i s  expected 
eventually t o  reach 500,000 operations (about 15 
hours a t  a 10 pps r e p e t i t i o n  rate). 
I n  addi t ion t o  the developnent o f  a long l i f e  
Sprytron, various commercial electronic components 
have been evaluated t o  determine, t h e i r  maximum 
operating temperatures. Some caMlercia1 products 
, can operate a t  temperatures higher than t h e i r  r a t -  
... ings. For example, some junct ion f i e l d  ef fect  
-. transistors (JFETs) are rated a t  2OOoC, bu t  can-. 
actua l ly  operate a t  275°C without s ign i f i can t  leak- 
age current. Some ex is t ing  e lect ron ic  technologies 
have high temperature capabil i ty, bu t  are not  o f f -  I 
the-shelf product$. For example, mica capacitors 
can withstand high temperatures and high vol tages, 
I 
. -.. -_ ' 
. .  
- a .  , 
but high capacitance mica capacitors have t o  be 
specia l ly  ordered. Table 1 shows. examples o f  sane 
h igh temperature commercial products that w i l l  be 
used i n  Sandia's design f o r  high temperature c i r -  
c u i t s  f o r  the acoustic CBL tools. A more complete 
l i s t  w i l l  be published by Sandia as par t  o f  a high 
temperature component handbook. 
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Table 1. Maximum operating temperature f o r  some 
comnercial products. 
-- --- - -_ _ _  -_ - . 
It i s  planned t o  use a magnetostrictive trans- 
m i t t e r  and a p iezoelect r ic  receiver i n  the logging 
too? design. Magnetostrictive materials usually 
.have h igh Curie temperature?, F r example, the 
Curie temperature o f  2V Petmendur &nn Arnold Engi- 
neering Company i s  940°C. Not much o f  a problem i s  
expected i n  operating at. 275°C. As f a r  as the  
receiver i s  concerned , piezoelect r ic  material s are 
favored because o f  higher sensi t iv i ty .  Both Chan- 
nel 5800 (Curie temperature >3OO0C) from Channel 
Industr ies and K-95 modified lead t i t a n a t e  (Curie 
temperature = 500°C) from Keramos, are being stud- 
ied t o  detennfne which one w i l l  perform bet te r  i n  
the geothermal environment. K a l  rez p e r f l  uoroel as- 
tomer from OuPant w i l l  be considered f o r  use as an 
O-ring material. Kalrez i s  rated a t  260-288°C. 
SUMMARY 
I n  summary, an acoustic instrument capable o f  
operating a t  high temperatures i s  essential f o r  
accurate evaluation o f  the cement bond condit ion i n  
a geothermal well. Sandia i s  developing v a r t w s  
h igh temperature component technologies f o r  use i n  
the design o f  an acoustic CBL instrunent f o r  opera- 
t i o n  up t o  275°C. C r i t i c a l  port ions o f  the 275°C 
CBL instrument have been b u i l t  and tested i n  the 
laboratory. .Test resu l ts  suggest that  the inst ru-  
ment can operate a t  275°C but tha t  the l i f e t i m e  o f  
the output switching device i s  not y e t  satisfac- 
tory. Work, already underway, i s  expected t o  y i e l d  
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